A special training laboratory on optical biophysics for the undergraduate and postgraduate students specialized in biophysics, biochemical physics and medical physics in the framework of subspecialties on biomedical optics, laser medicine, information technologies and mathematical modeling in medicine, and biomedical transducers and sensors is described. The laboratory consists of several sets of topically united practical works: 1) Electronics; 2) Coherent optics of scattering media and interferometry of random phase objects; 3) Coherent-domain optical methods in biomedicine; 4)
INTRODUCTION
Light application in medicine is based on the usage of a great number of phenomena connected with different types of coherent and non-coherent light interaction with tissues and cellst5 This is the main field of optical biophysics in application for medical science.
One of the most prospective trends of biomedical optics is medical noninvasive optical diagnostics and monitoring of diseases. Light can be absorbed, reflected, scattered and remitted by tissue and each of these processes carries information about the micro-and macrostructure, the movement and shape of its components. The functional imaging and monitoring of the state of human organs and tissues is very attractive feature of the optical method. The complexity of tissue organization and its involvement into living organism (organ) functioning require the development of multidisciplinary approaches for description oftissue optics.
The microscopic, spectroscopic, polarimetric, interferometric, and speckle methods are key techniques for tissue optical imaging and medical diagnosis.
Undergraduate training takes 5 academic years. First 3 years students get fundamental knowledge in mathematics, physics, chemistry, biology, biophysics, biochemistry, electronics, informatics, and computing. Humanitarian education is also provided. This program is developing by Department of Optics of SSU. The following subdivisions are involved in student training: Optics, Radiophysics and nonlinear dynamics, Applied optics and spectroscopy, Applied physics, and Solid state physics.
Disciplines of the specialty are listed in Table 1 . It is well seen that Special training laboratory on Optical Biophysics is the most important part of the specialized education, it gives a lot of time for experimental learning of the discipline, three semesters are needed to complete training.
In Table 2 disciplines related to the specialty are listed. These disciples mostly general in physics and chemistry allows for introduction to specialty through a number of biological, physiological or anatomical examples used by lecturers to illustrate physical or chemicals laws and phenomena. Table 3 illustrates the most dynamic set of disciplines -disciplines of subspecialties, some of which can be changed during a few years in accordance with the novel trends in the field. Table 3 . Discinlines of subsnecialties biomedical ontics and laser medicine
GENERAL DESCRIPTION OF THE TRAINING LABORATORY
As it is seen from above the special training laboratory on optical biophysics for the undergraduate students specialized in biophysics, biochemical physics and medical physics is a prolongation of a general training laboratory on biophysics and is directed on training of students to modern optical methods of testing and diagnosis in medicine. The laboratory consists of several sets oftopically united practical works. 1) Electronics: Analogous/Digital, Digital/Analogous signal converters and digital processing of experimental data. 2) Coherent optics of scattering media and interferometry of random phase objects (Study of tissue thermal denature by use of the quasi-elastic light scattering; Coherent optical analysis of the tissues with fractal-like structure; Diagnostics of macroscopically inhomogeneous non-stationary media using statistical analysis of dynamic speckles; Collimated and focused spatially-modulated laser beam diffraction on a random phase screen; The interferential optical method for measurements of thin layer thickness; Polarization imaging within a multiple scattering medium).
3) Coherent-domain optical methods in biomedicine (Laser analyzer of retinal acuity (Laser retinometer); Visual acuity determination at coherent and incoherent illumination of an object; Speckle microscope for bio-flow measurements). 4) In vivo reflectance and fluorescence spectroscopy of the human skin (Effect of blood and melanin content on skin reflectance spectra; Erythema-melanin-meter; Determination of hemoglobin oxygenation; Effect of blood and melanin content on skin autofluorescence spectra; Evaluation of sunscreen efficiency; Color analysis of reflectance and fluorescence spectra; Skin color imaging; Polarization reflectance spectroscopy; Skin polarization imaging).
5) Educational-research setups for postgraduate students (Laser Doppler velocimeter; Speckle-interferometric instrument for monitoring of capillary bio-flow; Two-wavelength laser scanning microphotometer; Spatial digital color analyzer of biological objects; Spatial-resolved microspectrophotometer for tissue optical properties and geometry studies: CCD tester). 6) Tissue optics and spectroscopy (Two-integrating sphere spectrophotometer for biological fluids and tissues study;
Fiber optic diode array spectrophotometer for dynamic measurements; Fibrous tissue optics and matter diffusion phenomena; Fluorescence study of biological tissues).
Indeed, many of these practical works can be used by the postgraduate students, especially when these students were graduated from Biology or Medical departments. As a development of this training laboratory educational-research setups for postgraduate students were designed (Laser Doppler velocimeter; Speckle-interferometric instrument for monitoring of capillary bio-flow; Two-wavelength laser scanning microphotometer; Spatial digital color analyzer of biological objects; Spatial-resolved microspectrophotometer for tissue optical properties and geometry studies: CCD Exam tester; Polarization microscopy of biological objects; Fluorescent microscopy of biological objects). Brief description of the some practical works is presented.
I. Electronics: Analogous/Digital, Digital/Analogous signal converters and digital processing of experimental data.
The practical works provides:6
. Practice on stationary time sequence analysis using standard software (Mathcad, MATLAB and Microcal Origin) and specially designed algorithms for probability density analysis and digital Fourier transform.
. Practice on digital filtering: construction of digital filtering algorithms for recursive and non-recursive filters (second-order and fourth-order low-frequency, high-frequency, band-pass and notch filters).
. Editing of data sequences with anomalous values and artifacts by use of "Tukey 53X" procedure or median filtering based algorithms.
. The study of static and dynamic characteristics of analog-to-digital converter (non-linearity, statistical and spectral characteristics of digital noise, aperture time, jitter).
. The designing of control and data acquisition software for simple computer-aided system of scientific experiment with one input and one output channels.
The practical works will enable students to:
. Understand basic principles of analog and digital signal processing.
. Acquire practical skill in application ofthe modem analog and digital signal processing systems for research work.
The requirements to a learning person.
. Knowledge ofany high-level programming language (C++, Pascal, Visual Basic).
. Theoretical background in statistics, spectral and correlation analysis and theory of random processes.
. Theoretical background in computer-aided signal processing systems."
Used equipment:
. Personal computer -PC-Pentium-Il. . Generator oftest signal -commercially available signal or noise generator.
Thefollowingpractical works are provided:
. Study of the analog-to-digital signal conversion procedure and analysis of the static and dynamic parameters of 12-bit analog-to-digital converter.
. Practice in applications of 10-bit digital-to-analog converter for controlling peripheral devices (the development of specialized software and its practical approbation for controlling the electrical-mechanical scanning device).
. Digital processing of experimental time sequences (data editing, signal-to-noise ratio improvement, fast Fourier transform and convolution procedures, wavelet transform ofnon-stationary time sequences with use ofthe standard functions from MATLAB toolboxes).
. Practice in applications ofthe LabVIEW software.
Upcoming practical works: S Practice on non-stationary time sequence analysis with use ofHilbert transform and wavelet transform.
. Designing of control algorithms and programs for various controllable units: step motor, DC motor, piezo-electric transducer, heating element, light-emitting diode.
. Non-standard usage of standard PC peripheral ports (COM, LPT) in computer-aided systems.
• The study of static and dynamic characteristics of CCD-based image-capture systems (non-linearity, offset, "fat" zero, spatial and temporal noise, influence of the finite exposure time on processing of dynamic images).
II. Coherent optics of scattering media and interferometry of random phase objects 2.1 Study oftissue thermal denature by use ofthe quasi -elastic light scattering7 Objectives of the work "Study oftissue thermal denature by use ofthe quasi -elastic light scattering" are the study of the grounds of quasi-elastic light scattering, the single-scattering tissue model, the speckle method as a diagnostic tool, the controlling of tissue structure by thermal denature, the Arrhenius equation, the estimation of the activation energy of albumen denature.
The goal: to estimate the value of activation energy of the tissue thermal denature.
Method: measurement of dependence of correlation time of speckle intensity fluctuations on tissue temperature, use of the single-scattering model, use of Arrhenius equation. Measurement of the correlation time dependence on tissue temperature allows one to evaluate the activation energy of denature.
Student task. To estimate the value of activation energy of the tissue thermal denature from the log dependence of correlation time on tissue temperature (for albumen -(60 15) kkal/mol).
Coherent optical analysis ofthe tissues withfractal-like
The practical work "Coherent optical analysis of the tissues with fractal-like structure" enable students to understand basic principles of coherent optical image processing as the basis for morphological study of thin ex-vivo samples of tissues and tissue replicas and to acquire practical experience and skill in design and application of coherent optical systems such as Wiener spectra analyzers. Student task: to analyze the penetration capacity of various agents such as sunscreens, drugs, etc. and their effect on structure ofthe skin epidermal layer.
2.3 Diagnostics of macroscopically inhomogeneous non-stationary media using statistical analysis of dynamic 7
Objectives of the work "Diagnostics ofmacroscopically inhomogeneous non-stationary media using statistical analysis ofdynamic speckles" are the study of the basic principles of statistical and correlation analysis, the dynamic speckles, the diagnostics of flows in multiple scattering media, the experience in applications of frame-grabbing systems.
The goal: to study the time-averaged non-stationary dynamic speckles induced by a laminar flow in a scattering slab.
Method: measurement ofthe time-dependent contrast of dynamic speckles using the time-averaging procedure. 23 Collimated andfocused spatially-modulated laser beam diffraction on a random phase Objectives ofthe work "Collimated andfocused spatially-modulated laser beam diffraction on a random phase screen" are the study of the random phase screen as a model of scattering media, the diffraction of a laser beam on a random phase screen, the correlation properties of speckle-fields, the interference of partially-developed speckle-fields.
The goal: to measure the average statistical parameters of a random phase object.
Method: measurement of contrast of average intensity interference fringes formed at diffraction of a spatiallymodulated laser beam (SMLB) on a random phase object; use of the random phase screen model with Gaussian statistics and approximation of non-boundary probing beam. Laser measuring system with collimated SMLB can be used for testing of biological media, for example, for study of dynamic scattering properties of blood suspension. The usage of the focused SMLB allows for determination of statistical parameters of scattering media by measuring of the contrast of average intensity fringes. The focused SMLB at average fringes can be used for retinal acuity estimation of the human eye at cataract (see Practical Work: "Laser analyzer ofretinal acuity'). 8
2.4
The interferential optical methodfor measurements ofthin layer Objectives 'of the work "The interferential optical methodfor measurements ofthin layer thickness" are the study of the laser interferometry, the speckle-modulation in the scattered light, the correlation properties of speckle-fields, and the interference of developed speckle-fields.7
The goal: to measure the thickness of an inhomogeneous transparent layer h at a known index of refraction n or an index of refraction n at known thickness h.
Method: measurement of interference fringes spacing in speckle-modulated laser beam reflected by inhomogeneous transparent layer.
Polarization imaging within a multiple scattering medium '
The practical work "Polarization imaging within a multiple scattering medium" enable students to obtain knowledge about propagation of a linearly polarized light in a scattering medium, understand influence of absorption and scattering properties of medium on polarization properties of scattered light, understand fundamentals of polarization spectroscopy and imaging, study the model of polarization decay in a scattering medium, study techniques for polarization imaging within scattering media.
Student tasks: Study of influence of absorption and scattering properties of bulk medium on the polarization degree of forward-and backscattered linearly polarized light (Monte Carlo simulation and experiment). Study of influence of absorption and scattering properties of bulk medium on the quality of reconstructed polarization images of objects imbedded in multiple scattering media. Analysis of multilayer scattering structures with use of polarized light. Analysis of absorber location with use of 2D-spectral measurements of polarization parameters of scattering light.
III. Coherent-domain optical methods in biomedicine 3.1 Laser analyzer ofretinal acuity (laser retinometer)8 Objectives of the work "Laser analyzer ofretinal acuity (laser retinometer)" are the study of the optics and physiology of eye, the laser interferometry, the speckle-modulation in the scattered light.
The goal: to measure the retinal acuity ofthe human eye using laser interferometer.
Method: Creation on a retina of an eye of the system of rectilinear interference fringes of the various spacing and orientation. Objectives of the work "Visual acuity determination at coherent and incoherent illumination ofan object" are the study ofthe optics and physiology ofeye, the speckle-modulation in the scattered light, the visual acuity.
The goal: to measure the visual acuity at coherent and incoherent illumination of an object.
Method: observation the line pattern or text in coherent and incoherent illumination. Enable students to: learn physiological optics of an eye, understand physical and physiological limits of eye resolution, and apply optical methods of visual acuity estimation. At visual observation of an object at coherent illumination the subjective speckles are formed on the retina. The minimal size of subjective speckles is defined by the eye pupil aperture C±mjn &0z/nD, where D is the pupil diameter, z is the distance from the pupil to the retina, n is the refraction index of the vitreous body. For X0 = 633 nm -> 6±mjn 5 sm . The average speckle size is about 3-folds bigger () = 3Cjmjn . The speckles complicate observation of fine details of the image and therefore reduce resolution of the visual system. Student task: to determine visual acuity of his/her own eye at coherent and incoherent illumination using the set of scattering screens with black and white parallel strips of various density. Students shouldperform thefollowing tests: . Summarize principles of optical methods for study of bio-flows: high-resolution speckle interferometry, transmission microscopy, etc. . Describe optical properties ofblood and lymph. . Determine the lymph and blood flow velocity in microvessels in absolute and relative units on animal model (rat mesentery) using two optical techniques.
. Explain the relation between flow velocity (lymph and blood) in microvessels and other parameters of microcirculation in the living organism (experimental animal).
. Explain mechanisms of microcirculation alteration caused by the vasoactive drugs, chemical and physical agents, various diseases and pathologies. . Substantiate the application of optical methods for monitoring of blood and lymph flow in norm and for the disease diagnosis.
Iv. In vivo reflectance and fluorescence spectroscopy of the human skin
Reflectance and fluorescence spectroscopy are probably the most developed among the available optical methods for investigating skin in vivo. Reflectance and fluorescence from skin carry information on the structure of epidermis and dermis, on the quantity and density of blood vessels, on the concentration and spatial distribution of chromophores and fluorophores in skin, and on the nature of skin metabolic processes.
The latest improvements in fiber optics, electronics, and computer technologies have made reflectance spectroscopy a common and popular technique for analysis of skin. Typical applications include the in vivo quantitative analysis of skin erythema and pigmentation, determination of cutaneous color variation, monitoring of dermatological treatment effects, and study of skin biophysics.
A number of particular applications of fluorescence spectroscopy have already been identified as very useful in the study of skin. These include UVA light excited fluorescence, the use of fluorescence for diagnostic purposes, determination of skin photoaging, determination of the level of primary melanin deposits, assessment of skin erythema and pigmentation, and diagnosis of skin tumors. Methods of skin imaging for histological purposes, based on skin autofluorescence (AF), are also being intensively developed.
The absorption and scattering properties of the skin affect both the AF and the reflectance spectra. Therefore, the combined use of fluorescence and reflectance may provide additional information for the analysis of skin tissue and the study of its biophysical processes.
In this set of practical works the potential advantages and possible uses of the combined use of reflectance and fluorescence spectroscopy of skin for the evaluation of the erythema and pigmentation indices, the determination of the hemoglobin oxygenation and concentration as well as the investigation of the efficacy of topical sunscreens are present. Sometimes, changes in skin reflectance and fluorescence spectra as a result of morphological and functional changes in skin, or as a result of treatment effects, are adequately analyzed with the help of simple models. Such an approach, often leads to new diagnostic methods.
The skin is unique in the sense that it is an organ highly accessible to direct visual inspection. Visual inspection of cutaneous morphology is the mainstay of clinical dermatology. A change of the skin color is one of the most important clues to the severity of the skin lesion and the interpretation of the skin test reaction. Besides color, the exact shape of the lesion play an important role in performing diagnosis. Visualization, documentation, monitoring, measurement, and classification of morphologic manifestations of various cutaneous processes has attracted the use of digital imaging techniques, which are based on computer processing of skin images. Recently, digital color imaging techniques have found various applications in dermatology, such as in melanoma screening, psoriasis and erythema detection, color analysis ofnevi, monitoring ofwheal and flare reactions, etc.
One example of the examination of skin utilizing imaging techniques is based on analysis of the reflected polarized light. The major advantages in polarization imaging of the skin are that images give the possibility to selectively probe surface or subsurface features of the skin. The quality of the images is such that retrospective evaluation is possible and yields results that compare well with clinical assessment.
The set of practical works includes the following: 'Effect of blood and melanin content on skin reflectance spectra", "Erythema-melanin-meter", "Determination of hemoglobin oxygenation", "Effect of blood and melanin content on skin autofluorescence spectra", "Evaluation of sunscreen efficiency", "Color analysis of reflectance and fluorescence spectra", "Skin color imaging", "Polarization reflectance spectroscopy", and "Skin polarizati on imaging".
These practical works enable students to summarize principles of diffuse reflectance and autofluorescence spectroscopy for in vivo skin examination, to understand fundamentals of polarization spectroscopy and imaging, to explain mechanisms of structural and functional alterations of the human skin caused by skin pathology or external action, and to substantiate the application ofthe updated optical methods for monitoring of skin structure or functioning.
4.1 "Effect ofblood and melanin content on skin reflectance spectra" and "Erythema-melanin-meter" c' Objectives of the works "Effect of blood and melanin content on skin reflectance spectra" and "Erythema-melaninmeter" are the study of grounds of the human skin diffuse reflectance spectrum forming, the influence of absorption and scattering properties of the human skin on skin diffuse reflectance spectrum, the simple skin model for the analysis of the skin diffuse reflectance spectrum, the quantitative evaluation of blood and melanin content in the human skin with use of "pigment indices" (erythema index and melanin index) as well as techniques for determination of erythema and melanin indices. These objectives realize through the following student tasks: the determination of the skin type (I-IV), the determination of the optical density temporal dynamics for skin with developing erythema and for compressed skin, the determination of blood content alteration for skin with developing erythema and for compressed skin, the evaluation of the melanin content in the treated skin areas, and the determination of erythema and melanin indices.
Determination ofhemoglobin
Objectives of the work "Determination ofhemoglobin oxygenation" are the study of techniques for the determination of hemoglobin oxygenation by reflectance spectroscopy and realize through the experimental determination of temporal dynamics of hemoglobin oxygen saturation for the skin of subject at physical training or at vessels occlusion.
4.3 Effect ofblood and melanin content on skin autofluorescence Objectives of the work "Effect ofblood and melanin content on skin autofluorescence spectra" are the study of grounds of the human skin autofluorescence spectrum forming, the study of skin fluorophores, the simple skin model for the analysis of the skin AF spectrum, and the quantitative evaluation of blood and melanin content. These objectives realize through the following student tasks: the experimental investigation of effective optical density temporal dynamics for skin with developing erythema and for compressed skin, the determination of blood content alteration for skin with developing erythema and for compressed skin, and analysis of influence of a topically applied cream containing melanin on skin AF.
Evaluation ofsunscreen
Objectives of the work "Evaluation of sunscreen efficiency" are the study of effects of topically applied sunscreen creams, techniques for sunscreen testing, the sunscreen transmittance determination using the skin autofluorescence. The student task is the experimental investigation of temporal dynamics of sunscreen protection factor SPF(A) of commercially available formulations.
4.5 Color analysis ofrefiectance andfluorescence spectra Objectives of the work "Color analysis ofreflectance andfluorescence spectra" are the study of the basis principles and hardware of chromametry, the study of C1E1931 (Yxy) and C1E1976 (L*a*b*) color systems, and the grounds of color perception of skin reflectance and autofluorescence. The student tasks are the investigation of temporal dynamics of reflectance and AF color perception for skin with developing erythema and for compressed skin.
6 Skin color
Objectives of the work "Skin color imaging" are the study of basic principles and hardware of color imaging, the grounds of skin color a well as techniques for skin color imaging. The student tasks are the assessment of the skin type, the investigation of the skin with erythema, the determination of 2D-distribution of skin erythema and melanin indices.
7 Skin polarization reflectance
Objectives ofthe work "Skin polarization reflectance spectroscopy" are the study the propagation of a linearly polarized light in a scattering medium, the formation of co-and cross-polarized components of the back scattered light, and study of techniques for spectral polarization visualization. The student tasks are the investigation of polarization degree and polarization difference spectra for skin with erythema, for compressed skin, for skin at epidermal stripping, as well as for skin treated by a topically applied immersion agent.
Skin polarization
Objectives of the work "Skin polarization imaging" are the study the propagation of a linearly polarized light in a scattering medium, the study of the model of polarization decay in a scattering medium as well as techniques for polarization imaging. The student tasks are the determination of 2D -distribution of melanin and blood vessels location, the analysis of influence of locally applied melanin contained agents and locally induced erythema on contrast of skin polarization images.
